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Alkali fuel fell unaffected by carbonation. 
Background of the invention 

5 

The invention relates to an alkali fuel cell comprising a solid stack consisting 
of a first electrode, a solid membrane conducting hydroxide ions and a 
second electrode, each electrode comprising an active layer that is in 
contact with the solid membrane. 

10 

State of the art 

Alkali fuel cells (AFC) are generally formed by two electrodes and an 
15 electrolyte exchanging hydroxide ions, more often than not in liquid form. 
They are particularly interesting, for they present a certain number of 
advantages compared with Proton Exchange Membrane Fuel Cells 
(PEMFC). The oxygen reduction kinetics are thus higher for AFCs than for 
PEMFCs and, unlike PEMFC, catalysts made from non-noble material can 
20 be used for the electrodes of an AFC. Moreover, alkaline liquid electrolyte is 
a better ionic conductor than proton exchange membranes, and AFCs 
present higher accessible volume and mass energy densities than 
PEMFCs. 

25 However, when operating with air, the performances of AFCs are generally 
reduced by a carbonation phenomenon of the liquid electrolyte due to the 
carbon dioxide (CO2) present in the air. Indeed, when the AFC operates, 
CO2 dissolves in the alkaline liquid electrolyte resulting in formation and 
precipitation of potassium carbonate. This phenomenon causes a reduction 

30 of the pH value of the alkaline electrolyte, reduces the kinetics of the 
electrochemical reactions at the level of the electrodes and impairs the 
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performances of the electrodes. In addition, liquid electrolyte AFCs 
generally require a control system of the corrosive liquid electrolyte which 
may prove to be complex and cumbersome. Lastly, it is very difficult to use 
liquid fuels with AFCs for such fuels tend to diffuse through the liquid 
5 electrolyte. 

To remedy these major shortcomings, it has been proposed to make use of 
the affinity of certain polymer membranes for the alkaline liquids such as 
potassium or sodium, so as to form a solid alkaline gel designed to replace 

10 the liquid electrolyte of AFCs. The presence of a liquid phase in this gel in 
fact fosters formation of triple point zones. What is meant by triple point 
zone is a zone in the alkali fuel cell enabling electronic conduction, ionic 
conduction and a catalytic reaction to take place. Thus, Z. Ogumi et al. in 
the article "Preliminary Study on Direct Alcohol Fuel Cells Employing Anion 

15 Exchange Membrane" (Electrochemistry, Technical Paper, N*'12, pages 980 
to 983, 2002) propose using a membrane exchanging hydroxide ions, in an 
alkali fuel cell operating with alcohol, that is composed of a chain with a 
polyolefin structure on which "quaternary ammonium" groups are bonded. 
The membrane exchanging hydroxide ions is impregnated with a liquid 

20 electrolyte containing ethylene glycol and methanol dissolved in an aqueous 
solution containing 1 mol.dm"^ of potassium so as to form triple point zones 
at the level of the electrodes formed by carbon and platinum. The presence 
of an electrolyte in liquid form does however induce a carbonation 
phenomenon. 

25 

E. Agel et al., in the article "Characterization and use of anionic membranes 
for alkali fuel cells" (Journal of Power Sources, 101 (2001) 267-274), 
attempted to use polymer anionic conducting membranes without adding an 
alkaline liquid electrolyte. Ionic conduction is obtained by cross-linking of the 
30 polymer by means of a quaternization agent. However, in spite of the good 
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chemical and thermal stability of such a membrane, it presents a low ionic 
conduction without the addition of an alkaline liquid electrolyte. An alkaline 
liquid then has to be added at the interfaces between the electrodes and the 
membrane to foster the appearance of triple point zones, the alkaline liquid 
5 then implying a carbonation phenomenon in the alkali fuel cell, which then 
decreases the performances of said cell. 

Object of the invention 

10 

The object of the invention is to provide an alkali fuel cell that is unaffected 
by the carbonation phenomenon when operating with air, while presenting 
good performances and, more particularly, a high ionic conduction. 

15 According to the invention, this object is achieved by the fact that the 
material forming the active layer of each electrode comprises at least a 
catalytic element, an electronic conductive element and an element 
conducting hydroxide ions, the element conducting hydroxide ions being a 
polymer having vinylaromatic units comprising a quaternary ammonium 

20 function and hydroxide counter-ions OH" being associated with the 
quaternary ammonium functions of the polymer. 

More particularly, the element conducting hydroxide ions is a polymer 
having styrenic units and hydroxide counter-Ions OK are associated with 
25 the quaternary ammonium functions of the polymer. 

According to a development of the invention, the element conducting 
hydroxide ions is a polymer having the following general formula (I): 



Ar 



(I) 



Ra. t^*_Ri .OH- 



in which: 

- and Xg are both chosen fronn the group containing hydrogen, chlorine 
and fluorine, 

- X3 is chosen from the group containing hydrogen, chlorine, fluorine, an 
alkyi and a perfluorinated all<yl, 

- Ar represents a possibly substituted, carbonated aromatic cycle, 

- R is chosen from -CH2- and -(CF2)ni-CH2-, with n1 comprised between 1 
and 10, the -CH2- alkyI group of R being bonded by a simple covalent bond 
to the nitrogen of the quaternary ammonium function, 

- Ri, R2 and R3 are respectively identical or different alkyI, aryl or alkyl-aryl 
groups, 

- and n is an integer. 

According to another development of the invention, the element conducting 
hydroxide ions is a polymer having the following general formula (II): 




R 



Ar 



(II) 



R3_N*_Ri ,OH- 



in which: 
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- Xi and X2 are both chosen from the group containing hydrogen, chlorine 
and fluorine, 

- X3 Is chosen from the group containing hydrogen, chlorine, fluorine, an 
alkyi and a perfluorinated alkyi, 

5 - Ar represents a possibly substituted, carbonated aromatic cycle, 

- R is chosen from -CHg- or -(CF2)nrCH2- with n1 comprised between 1 and 
10, the -CH2- alkyi group being bonded by a simple covalent bond to the 
nitrogen of the quaternary ammonium function, 

- R' is chosen from the group comprising oxygen, the -O-CF2 group, and 
10 -(CF2)n2- with n2 comprised between 1 and 10, 

- Ri, R2 and R3 are respectively identical or different alkyi, aryl or alkyl-aryl 
groups, 

- n is an integer. 

15 

Brief description of the drawings 

Other advantages and features will become more clearly apparent from the 
following description of particular embodiments of the invention given as 
20 non-restrictive examples only and represented in the accompanying 
drawings, in which: 

Figures 1 and 2 respectively represent schematic cross-sectional views of 
first and second embodiments of an alkali fuel cell according to the 
invention. 

25 Figures 3 and 4 represent the electrochemical behavior of an alkali fuel cell 
with liquid electrolyte according to the prior art, respectively when the cell is 
put into operation and after 48 hours of operation. 

Figure 5 represents the evolution in time of the electrochemical behavior of 
an alkali fuel cell according to the invention. 

30 
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Description of particular embodiments. 

As represented in figure 1 , an alkali fuel cell 1 according to the invention 
comprises at least one solid stack consisting of a first electrode 2, a solid 
5 membrane 3 conducting hydroxide ions and a second electrode 4, first and 
second current collectors 5 and 6 being respectively arranged on the first 
and second electrodes 2 and 4. The first and second electrodes 2 and 4 
respectively comprise first and second active layers 2a and 4a in contact 
with the solid membrane 3 and possibly first and second diffusion layers 2b 
10 and 4b, as represented in figure 2. 

The solid membrane 3 conducting hydroxide ions is chosen from any type 
of solid membrane known to be able to conduct hydroxide ions. It preferably 
has an ionic conductivity greater than or equal to 0.005 S/cm. For example, 
15 the solid membrane 3 can be a membrane formed by a film of 
tetrafluoroethylene (TFE) with a thickness of 50(xm, radiochemically grafted 
by chloromethylstyrene, cross-linked by divinylbenzene then amine treated. 
The current collectors are formed by any type of known material in the field 
of alkali fuel cells. 

20 

According to the invention, the first and second active layers 2a and 4a are 
both formed by a material containing at least a catalytic element, an 
electronic conductive element and an element conducting hydroxide ions. 
The active layers thus constituted then form triple point zones, i.e. zones 
25 where an ionic conduction, an electronic conduction and a catalytic reaction 
all take place, without an alkaline liquid having to be added to the alkali fuel 
cell. 

The electronic conductive element is preferably chosen from the group 
30 comprising carbon, nickel, silver, gold and platinum whereas the catalytic 
element can be made from platinum, silver or any other type of material. 



7 



preferably non-noble and known to act as catalyst of the electrochemical 
reactions Involved in an AFC type cell. In particular embodiments, the 
catalytic element can be formed by the electronic conductive element or the 
electronic conductive element is the support of the catalytic element and of 
5 the element conducting hydroxide ions and is in the form of a fabric, a foam 
or a powder. 

The element conducting hydroxide ions of the active layer of each electrode 
is a polymer having vinylaromatic units comprising a quaternary ammonium 

10 function and hydroxide counter-ions OH" are associated with the quaternary 
ammonium functions of the polymer. The vinylaromatlc-based polymer can 
be a homopolymer formed from a single vinylaromatic monomer or a 
copolymer formed from a vinylaromatic monomer and at least one other 
monomer. More particularly, the element conducting hydroxide ions of the 

15 active layer is a polymer having styrenic units comprising a quaternary 
ammonium function and hydroxide counter-ions OH" are associated with the 
quaternary ammonium functions of the polymer. What is meant by polymer 
having styrenic units is a carbonated main chain repeating itself n times and 
containing at least two carbons bonded together by a simple covalent bond, 

20 a side chain containing at least one aromatic cycle being attached to said 
carbonated main chain. In addition, the hydroxide counter-ions associated 
with the quaternary ammonium functions of the polymer ensure ionic 
conduction from one electrode to a second electrode through the solid 
membrane conducting hydroxide ions. 

25 

According to a particular embodiment, the element conducting hydroxide 
ions is a polymer having the following general formula (I): 



8 

_JCX,X2 cx^^ 

Ar 

R3_ i!j*_Ri .OH- 

K 

5 in which: 

- Xi and Xg are both chosen from the group containing hydrogen, chlorine 
and fluorine whereas X3 Is chosen from the group containing hydrogen, 
chlorine, fluorine, an alkyi and a perfluorinated alkyi, 

- Ar represents a possibly substituted, carbonated aromatic cycle, 

10 - R is chosen from -CH2- and -(CF2)nrCH2-, with n1 comprised between 1 
and 10, the -CH2- alkyi group of R being bonded by a simple covalent bond 
to the nitrogen of the quaternary ammonium function, 

- Ri, R2 and R3 are respectively identical or different alkyi, aryl or alkyl-aryl 
groups. 

15 - and n is an integer. 

Thus, in each styrenic unit of the general formula (I), the side chain, 
attached to the carbonated main chain CX1X2-CX3 by the carbonated 
aromatic cycle Ar, comprises at its free end a quaternary ammonium 
20 function "-N''RiR2R3", an R group being arranged between the carbonated 
aromatic cycle Ar and the quaternary ammonium function. 

In an alternative embodiment, the element conducting hydroxide ions can 
also be a polymer having the following general formula (II): 

25 ^ ^ 

-[CX,X2 0X3^^ 

A' 
I 

Ar 

^ (II) 
R3-N--R1 -OH- 



The general formula (II) only differs from the general formula (I) by the fact 
that a group R' is arranged between the group Ar and the main chain - 
(CX1X2-CX3)-, the group R' being chosen from the group containing oxygen, 
the group -O-CF2. and -(CF2)n2- with n2 comprised between 1 and 10. 

The presence of the element conducting hydroxide ions in the active layer 
of each electrode enables both ionic conduction, electronic conduction and 
a catalytic effect to be obtained in the fuel cell, thus making the latter 
insensitive to the carbonation phenomenon. Moreover, the element 
conducting hydroxide ions ensures the ionic continuity between the solid 
membrane and the catalytic element of each electrode and enables 
diffusion of the fuels to the catalytic element. 

For example, the element conducting hydroxide ions of the active layer of 
each electrode can be the polymer with the following semi-developed 
formula (III): 



The group -CH2-N*(CH3)3 can be placed indifferently in ortho, meta or para 
position on each aromatic group -C6H4- of the polymer. 




'6^4 



(III) 



iH2 

lsl^(CH3)3 OH 



It is preferably obtained according to the following reaction scheme: 
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-fCH^CHL Re3^tio„ .CcH^—CHL Reaction .fCH^ CH 1 

H ' d: H H 

ih, N(CH3)3 KOH th, 

tl IVI''(CH3) ' OH". N-^(CH3); 



CV) (V) (Ml) 



In this way, when a first reaction (reaction 1 ) takes place, the compound of 
formula (V) is obtained from trimethylamine (N(CH3)3) and a soluble 

10 precursor of semi-developed formula (IV) called polyvinylbenzochloride 
(PVBC), so as to replace the chlorine atom of the precursor of semi- 
developed formula (IV) by the quaternary ammonium function N^(CH3)3 and 
the counter-Ion CI'. The counter-ion CI" of the compound of semi-developed 
formula (V) is then replaced by a hydroxide ion OH" in the reaction 2, so as 

15 to form the compound of semi-developed formula (III) constituting the 
element conducting hydroxide ions of the active layer of each electrode. 

Thus, for example, a first method for producing the active layer of an 
electrode consists in impregnating a catalytic element in solid form with a 

20 solution containing the soluble precursor of semi-developed formula (IV). 
During this step, the precursor of formula (IV) deposits on each grain of the 
catalytic element, then the assembly reacts with a trimethylamine to form 
the compound of semi-developed formula (V), according to the reaction 1 . 
The compound of semi-developed formula (V), containing the quaternary 

25 ammonium function, then undergoes treatment in a base according to the 
reaction 2, and then in distilled water so as to obtain the compound of 
formula (III). 

In a second method for producing the active layer, the catalytic element in 
30 the form of grains can be dispersed in a solvent. A mixing step then enables 
the catalytic element and the soluble precursor of formula (IV) to be brought 
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into contact. The soluble precursor of formula (IV) is first of all mixed in 
solution in a solvent identical to the one in which the catalytic element was 
dispersed. In the course of the mixing step, the mixture then forms a 
dispersion in which the soluble precursor of semi-developed formula (IV) 
5 deposits on each grain of the catalytic element. The dispersion is then used 
to form the active layer, by any type of known means for achieving fuel cell 
electrodes. The active layer thus formed is successively immersed in a 
solution containing trimethylamine (reaction 1) then in an alkaline solution 
(reaction 2) and in distilled water so as to form the element conducting 
10 hydroxide ions having the semi-developed formula (III). In an alternative 
embodiment, the reaction 1 undergone by the precursor of formula (IV) can 
made to take place before the mixing step, so that the catalytic element is 
placed directly in contact with the compound of formula (V). 

15 According to another alternative embodiment, the catalytic element 
associated with the precursor of formula (IV) can be deposited on the solid 
membrane before the reactions 1 and 2 take place. The membrane on 
which the catalyst element is deposited is then called a Catalyst Coated 
Membrane (CCM). It can also be applied on the diffusion layer of the 

20 electrode, which is for example porous or fibrous and which forms a Gas 
Diffusion Electrode. The precursor of formula (IV) can also be cross-linked 
by means of monoamines or diamines so as to form a cross-linked binder. 

In this way, the presence within the active layer of the electrodes of such an 
25 element conducting hydroxide ions and of a solid membrane exchanging 
hydroxide ions enables a solid electrode-membrane-electrode assembly of 
high performance to be obtained without adding any alkaline liquid, thus 
preventing the carbonation phenomenon. This enables an alkali fuel cell to 
be produced that presents good performances while being unaffected by 
30 the carbonation phenomenon when operating with air. 
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Indeed, as represented in figures 3 to 5, the electrochemicai performances 
of an alkali fuel cell with liquid electrolyte according to the prior art (figures 3 
and 4), have been compared with those of an alkali fuel cell according to the 
invention (figure 5). The electrochemical performances of each cell are 
5 represented by the curves "A" and "B" respectively representing the 
evolution of the voltage E versus the current I and the evolution of the power 
P versus the current 1. 

Thus, the curves A1 and A2 of the alkali fuel cell with liquid electrolyte 
10 according to the prior art represent the evolution of the electrochemical 
power of the cell versus the current, respectively when the cell is put into 
operation and after 48 hours of operation. The two curves A1 and A2 show 
that the maximum power obtained drops from 50 mW/cm^ to about 
2mW/cm^ after 48 hours of operation, which indicates the presence of 
15 carbonation of the alkaline electrolyte. In figure 5, the set of curves A3 to Ai 
each represent the power versus the current for different operating times of 
the alkali fuel cell. The curves A3 to AI show that the maximum power of 
the alkali fuel cell according to the invention remains stable in time. The cell 
according to the invention therefore does not undergo a carbonation 
20 phenomenon during its operation, unlike the alkali fuel cell according to the 
prior art. 



